Background: Topical anesthetics have become the primary choice in phacoemulsification procedures for cataract extraction. The most common topical anesthetic drug used is 0.5% tetracaine eye drops. Repeated administration of 0.5% tetracaine drops can cause corneal epithelial damage. Two percent lidocaine gel is latest option which has longer contact time with corneal epithelium. Objectives: To compare the effectiveness of 2% lidocaine gel with 0.5% tetracaine drops in phacoemulsification surgery. Methods: The study was a single blinded randomized clinical trial from March to July 2017 in patients underwent phacoemulsifi-
Background
Nowadays, cataract surgery has been conducted through phacoemulsification technique. This technique has developed significantly with the aid of topical anesthetic agent. Topical anesthetic agent generates shorter duration of admission with improved comfort, lower cost, and less complications in comparison with general anesthesia (1) .
Topical anesthetic agent during cataract surgery may be administered in the form of an eye drop, gel, or intracamera injection (1) . The latest agent to be used is 0.5% tetracaine eye drop. This agent is proven to be safe and effective in most cases. However, the absorption and duration of this agent is slower in comparison with gel preparation. Therefore, the 0.5% tetracaine eye drop must be administered repeatedly with the risk of corneal epithelial damage due to its toxic reactions, including punctate keratopathy, persistent epithelial defect, ring shaped stromal infiltration, corneal edema, Descemet's membrane filding, endothelial cell loss to neurotrophic ulcer, stromal melting, secondary infectious keratitis, corneal scarring, and corneal perforation (2, 3).
There were still some contradictory research findings regarding the superiority of 2% lidocaine gel as topical anesthetic agents. Amiel et al., mentioned that postoperative pain between 2% lidocaine gel and 0.5% tetracaine eye drop did not differ significantly (4). Chalam et al., mentioned the superiority of 0.5% tetracaine eye drop during intraoperative pain management in comparison with 2% lidocaine gel (5). However, another study mentioned that 0.5% tetracaine eye drop must be administered at least three times to achive the desired effect (6) .
In Indonesia, 0.5% tetracaine eye drop was the current choice of topical anesthesia in the daily practice. There was no past study that mentioned the use of 2% lidocaine gel as Copyright © 2018, Anesthesiology and Pain Medicine. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited the other choice of topical anesthesia for phacoemulsification surgery. Therefore, this study was conducted to measure the effectiveness of 2% lidocaine gel as topical anesthesia for phacoemulsification surgery.
Objectives
This present study aimed to understand the effectiveness as well as patient satisfaction of 2% lidocaine gel as a topical anesthetic agent in comparison with the 0.5% tetracaine eye drop during phacoemulsification cataract surgery.
Methods
This was a single blind randomized clinical trial held in the tertiary hospital in Jakarta, Indonesia. The population included patients scheduled for phacoemulsification surgery from February to August 2017 following ethical approval from the ethics committee. Additionally, this study passed the approval from the department of ophthalmology Universitas Indonesia.
The inclusion criteria included patients age ≥ 40 years old who were scheduled for phacoemulsification surgery with intraocular lens implantation, underwent local anesthesia, and agreed to participate in this study. The exclusion criteria included patients with an allergic history towards 2% lidocaine gel and/or 0.5% tetracaine eye drop, history of past phacoemulsification surgery, with communication problems, dementia, and anxiety disorder. The drop out criteria included surgery longer than 30 minutes and required additional intravenous anesthesia agent.
There were 36 subjects for each group with block randomization conducted by a third independent party. The randomization result was secured inside the enclosed envelope. The envelope was revealed moments before topical anesthetic application. The researcher was blinded towards the results of randomization.
Five minutes before the surgery, topical anesthesia selected for the subject were administered. Five minutes following the incision, the pain scale was asssed with the numerical pain scale from scale 1 -10 (scale 1 -no pain; scale 10 -severe pain). This was measured as the primary outcome of the present study. If the patient complained of untolerable pain in the middle of the procedure, the same anesthetic agent chosen was administered repeatedly. At the end of the procedure, patient satisfaction was measured by using a questionnaire filled after the surgery. Similarly, surgeon satisfaction was also measured by using a questionnaire filled postoperatively.
Patient satisfaction questionnaire consisted of: any painful administration of the anesthetic agent, any painful experience during the surgery, and any side effect of the anesthetic agent. Surgeon satisfaction questionnaire consisted of: the onset of action of the anesthetic agent, comfort during the surgery, side effects of the anesthetic agent, and the neef of additional anesthetic agent. Both questionnaire results were classified into: not satisfied, satisfied, and very satisfied. These questionnaires were constructed and validated by three senior anesthesiologist consultants. The statistic analysis was conducted by using the SPSS program version 21.0.
Results
This study was conducted in patients scheduled for phacoemulsification surgery. As seen in Table 1 , overall demographic data between two groups were comparable. The distribution of pain scale data was abnormal so that it was displayed as median pain score and minimal-maximal score. Based on Table 2 , the statistical test showed that there was a significant pain scale difference between two groups (P < 0.05).
This study measured that the 2% lidocaine gel group had a less number of additional topical anesthetic agent in comparison with 0.5% tetracaine eye drop; this difference was statistically significant. This study also recorded no side effect in relation with any topical anesthetic agent. This study showed that all subjects and surgeons were either satisfied or very satisfied; there was no subject or surgeon who were not satisfied with both topical anesthetic agents.
Discussion
Cataract remains a major cause of blindness worldwide, especially in developing countries. Based on the national health survey in Indonesia in the year 2014, the number of blindness reached 1.8% with 0.78% of all cases being caused by cataract. Data from the world health organization estimated that 253 million people live with vision impairment in 2017 with 35% of blindness being caused by unoperated cataract (7). Therefore, cataract surgery is one of the most common surgeries held in many health centres. In most cases, cataract surgery is conducted on a one-day care basis.
Based on the result of this study, both topical anesthetic agents provided excellent analgesic properties during phacoemulsification surgery. However, the 2% lidocaine gel was statistically more superior in reducing pain during phacoemulsification surgery. The mean pain scale for group of patients with the 2% lidocaine gel was lower than group of patients with the 0.5% tetracaine eye drop. This finding was in accordance with another study by Berequet et al., who found that single use of quarter-inch of the 2% lidocaine gel was significantly effective as anesthetic agent for cornea (7) . However, this finding was inconsistent with other studies. Amiel et al., also found similar effectiveness between both anesthetic agents (4). Conversely, Chalam et al., found that the 0.5% tetracaine eye drop was more superior that the 2% lidocaine gel (5). In general, both anesthetic agents were equally effective as analgesia for cataract phacoemulsification surgery (6) .
In this study, there were 88.9% participants receiving the 0.5% tetracaine eye drop that required additional topical anesthetic agents intraoperatively. Meanwhile, only 13.9% participants receiving the 2% lidocaine eye gel required additional topical anesthetic agents. Based on the literature, the 2% lidocaine gel did not require additional anesthetic agent due to its gel preparation. Gel has thick concentration, which has prolonged contact with the cornea. Therefore, this will increase the penetration into the cornea epithel to achieve better analgesic effect (7) . Based on the literature, the duration of action of one drop of the 0.5% tetracaine eye drop is lasting for 15 -20 minutes; meanwhile, lidocaine gel may provide ocular anesthesia up to 30 minutes (8, 9) .
Topical anesthetic agent from the surface of cornea is cleared through nasolacrimal drainage system. Additionally, there is some drug absorption through nasal mucosa into the systemic circulation. Liu et al., mentioned that systemic concentration of lidocaine, following lidocaine gel administration, did not increase significantly following topical administration. This is due to high penetration from the gel preparation into the corneal epithel and its thick preparation creates long duration in the cornea despite of tears (10) .
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Pain was assessed by using the numerical rating scale, which was measured by the subject following administration of topical anesthetic agent. Perception of pain is highly influenced by many factors, including age, gender, race/ethnicity, and education. Similar surgical stimulus might not be perceived as a similar degree of pain for different patients (11) .
This study found that all participants were satisfied with both preparations. This level of satisfaction was influenced by many factors, including intraoperative pain, preparation of local anesthetics, additional topical anesthetics, and other external factors, such as patients' expectation and hospitality of any medical staffs (12) . The level of satisfaction of the patient might influence the choice of which topical anesthetics to be used in the surgery, regardless its similar effectiveness.
In addition to the level of satisfaction of the patient, this study also measured the satisfaction level of the surgeon. This study concluded that all surgeons were satisfied with both topical anesthetic agents. However, some respondents were more satisfied with 2% lidocaine gel due to the fact that they did not have to add more topical anesthetics intraoperatively.
This study had some limitations, including inability to blind the patient and surgeon regarding the type of topical anesthetic given due to different drug preparation. Another limitation was that the use of numerical rating scale was a subjective measurement of pain. Similarly, the questionnaires for both subjects and surgeons were also subjective. Further studies should include more objective measurements.
The primary outcome in this study was the effectiveness of topical anesthetic agents, measured by the pain scale. However, duration of both anesthetic agents was not compared and analyzed. Further studies should also compare the duration of both anesthetic agents.
Conclusion
The 2% lidocaine gel was more effective as an analgesic agent during phacoemulsification surgery. Additionally, both patient and surgeon satisfaction were higher in the 2% lidocaine gel group.
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